In the inelastic scattering of nearly monoenergetic proton beams (220 eV) from polyatomic molecules such as CF4 sharp peaks are observed corresponding to the excitation of very high overtone levels (n -< 14) of the infrared active modes. The collision mechanism leading to the high degree of excitation is described and an example from recent experiments is presented. A fit of the CF4 spectra provides new anharmonicity constants for the v3-mode.
I. INTRODUCTION
Despite the long history of vibrational spectroscopy very little is known about the high lying vibrational levels of polyatomic molecules. On the other hand these levels are of great interest in connection with multiphoton excitation, mode selective chemistry, unimolecular reactions, and fundamental questions concerning the transition in spectral energy levels from regular to irregular and finally to a fully chaotic regime. 2 Direct optical excitation is limited to overtones of about n -< 6 because of a sharp decrease in transition probability with increasing n. 3 Stimulated emission pumping has been used for a few systems but is not universally applicable. 4'5 Photodissociation emission spectroscopy 6 and fluorescence following collision uppumping in low temperature matrices 7 have also been shown to populate high vibrational states for special molecules.
Here we review briefly some recent progress in implementing a new spectroscopy (PELS) which was introduced some years ago. 8 In the initial experiments the energy loss distribution of monoenergetic protons was found to show a progression of sharp peaks up to very high levels of n <-14 in CF4 .8'9 Levene A spectrum for CF4 similar to the one shown in Fig. 2 The best fit yielded a new value ofX33 -9.1 + I cm -1 which is much larger than the literature value of -5.6 cm -1 obtained from a spectroscopic analysis of the much better resolved infrared spectra which extend only up to n 2.1 The CF4 spectrum in Fig. 2 wasanalyzed in a similar way and since the energy transfer is greater than in the earlier work (by using D + instead of H+) it was possible to determine a value of X333 -0.05 cm -1, which is the first report of such a value. In this analysis the other tensor splitting and anharmonicity parameters were kept the same as determined in the infrared studies.
